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Heightened solar activity, associated with increased sunspots and solar flares,

sometimes produces geomagnetic storms on Earth. Such storms can affect human
activity in a number of ways.
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I Fnsipfies

Perhaps the most important cconomic effeet of geamagnetic storms is on clectrice
power systems, In these systems, storms can induce unwanted curvents that disrupt
systems and may produce a blackoul. Geomagnetic storms ean also damape sensitive
electronic equipment in Earth-orbiting satellites or cause satellite orbits to decay
prematurely as the Earth's atmosphere heats up, expands, ancl exerts “drag” on the
satellites. Also, Eeomaynelic storms ¢an disrupt communication and navigation
syslems. Many of these elfects are transitory, but they ean be very disruptive and
potentially dangerous.

A large recent solar flare occurred on May 2, 1998. It caused all high frequency
radio communications on the side of the earth facing the sun 1o Fajl for several minutes,
Among systems affected Were the [requencies used for air traffic control around Long
Island, New York. While no accidents resulte d, accident risk is undoubted ly heightened
by such filures.

A more powerful geomagnetic storm occurred in March 1989. This storm caused
Hydro Quebecs power system to fail, cutting power to the entire provinee of Quebec
{about 6 million customers) for nine hours. A storm of this magnitude can be expected
lo occur again, and it could cause greater damage if. for example, it blacked out the
U.S. East Coast, 3

With warning of an impending geomagnetic storm, it is olten possible to reduce or
climinate negative consequences of such a storm. In the case of electric power. for
example, ties to vulnerable systems can be reduced, reserve capacity can be ine reasec;
and preparations can be made to handle system anomalies manually. '

To provide reliable advance warning of storms, it is necessary (o monitor solay
activity with a satellite in ‘orbit between the Earth and the sun. In conjunction with
the Air Foree and the National Aeronautics and Space Administration (NASA), the
Mational Ocean and Atmaospheric Administration (N OAA) has proposed such a satellite.
With this satellite, warming of impending geomagnetic storms could he provided as
much as two hours in advance. The cost of the satellite would be $75 million, plus

$25 million for operational costs of the storm warning system over the three-year

expected life of the satellite. : ;

To determine whether such a system makes economic sense, the economic value
of such storm forecasts must be estimated. The following estimate includes only
benefits to the electric power system, and thus it is a low estimate of the true value of
the system. Omitted civilian benefits include reduced risk of damage to civilian

solar sails as a vizkle technology for enabling the use of new orbits (e.g., “polar
stationary”) and interstellar exploration. Finally, national security benelits have also
been omitted from this analysis.

ANALYTICAL APPROACH TO VALUING INFORMATION

In general, calculating a value of information requires two numbers. First is the
expected benelit or cost that results if the information is absent, and second is the
expected benefit or cost that results if the information is present. The difference
between these two numbers represents the expected value of the information. For
cach case (information present or information absent), expected benelits or costs are
calculated assuming that any actions laken are the optimal actions to take, given the
uncertainties that exist for that particular case.

For the value of information contained in geomagnetic storm forecasts, the
relevant numbers to be calculated are expected costs. To caleulate the expected cost
il there is no forecast, the lollowing data are required:
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i. The monetary damage that could result [rom a peomagnetic storm.

2. The probability of a peonmagnetic storm capable of producing these damages,

3. Thecostof preparations that might be undertalken in anticipation of a potentially
damaging solar storm,

4. The residual monetary damage [rom a storm wihen storm preparation is underiaken,

To ealeulate the expected cost if there is a storm forecast, the lollowing additional
data are required:

3. The ervor probabilities of the storm forecast (i.c., Milure to predict storms that
actually ocenr, or predictions of storms that da not occur).

DATA ESTIMATES USED

Damages that Could Result from a Geomagnetic Stonn. Barnes and Van Dyke [1990]
present an analysis of the possible costs of A severe peomagnetic storm for the U.S.
clectric power system, Their analysis posits a scenario in which electric systems in
New England and New York are operating near capacity when a major geomagnetic
storm strikes. These systems fil, with effects extending to Pennsylvania, New Jersey,
and Maryland. Power is lost aver 95 percent of this region. Alter 16 hours, the power
loss is still 50 percent, and after 24 hours, it is 25 percent: power is not fully restared
until 48 hours after the initial event. The vast majority of the costs of such an avent
are the costs of unserved load. Overall. the cost for this blackout is estimated to be
$3.0 billion to 6.1 billion. As a point estimate of the cost of such a blackout, the
tollowing study uses $4.5 billion.

Prior Probability of Damages. The United States has not experienced a blackout of
the severity described earlier, although a blackout of Hydro-Quebac in 1989 cut power
to more than 6 million customers, It is believed, however, that severe blackouts have

me much more likely than they were in past years, due o the increasingly
inlerconnected nature of our electric systems, and relatively low levels of excess
capacity as a result of few new power plants having been built. In addition, there
seems Lo be a long-run secular trend toward higher peaks in solar activity with each
successive sunspot cyele. The assu mption is that a potentially damaging storm might
occur once in 10 years,

If a potentially damaging storm occurs, it presents a risk to power systems over a
pericd of perhaps 24 hours. However approximately half this risk is concentrated at
the instant the storm starts, with the remainder of the risk spread over the rest of the
period. Since actions to prevent damage can be implemented in approximately ane-
half hour, mest of the risk extending over the 24-hour period can be nullified by
taking action after a storm commences—that is, even il there js no warning of a
storm. Thus the risk of concern for valuing a warning system is the risk of
instantaneous damage. In view of this, the assumption here is that the hourly risk of
damage preventable with a forecast s LI(10 years % 365 daysiyear x 24 hours/day)
times the 0.5 probability of instantancous damage. This prior probability is 5.71
10-6 cach hour:!

Thee prior probability of a MA[Or SLOUm viaries dver the | V=year cyele af sunspas activi ty. Thus it iz more
accurate to caleulate time-specilic foreeast benalits using time.specific prioe peobabilities and then aver
age these benefits over the sunspeol oycle, Whille it is Mecessany to do this in some of the sensitivity cases
preseated later, it is not necessary in the base case, Thus, for simplicity, the diseussion is limited 1o ealey-
latiomns chat uze the average (iar probability over the enilre eycle.
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Cost of Stormnt Preparation. Data on the cost of prepacation lor peomapnetic siorms
ave dillicult o find, However, one large Morth American utility determined the cost
of being prepared a1 240,000 to 90,000/ o0

On the one hand, this cost is for only ane utility representing o [raction of the
clectiric load potentially at risk from peomagnetie storms. On the ather hane, the
preparation cosis [or this particular utility may be higher than the averapEe cost across
all potentially affected utilities. Balancing these considerations, the national eost for
potentially alfected utilitics might be three to four times the stated costs. Thus the
cost rmange could be (rom $120,000hour to £360,000/Mour, with a midpoint of $240.000/
hour. This study uses the midpoint value.

- .
Residual Monetary Damages. The monetary damage from a geomagnetic storm is
primarily the cost of failing to serve customers during a blackout. Assume that n
blackoutl would be avoided if storm preparations were undertaken. This, as o first
approximation, assume residual monetary damages are zero when preparations are
vindertaken,

Storm Forecast Ervor Probabilities. A satellite menitoring system should allow for
relinble forecasts of peomagnetic storms. Experience 20 years ago with the
International Sun—-Earth Explorer and more recently with the Advanced Compaosition
Explorer indicates that storm forecasts can be accurate when satellite data arc
available. Data from these eaclier satellites sugpest that it is reasonable to ASSUITTE
that only 5 percent of the time will there be a Rilure to forecast an actal storm,
while only 3 percent of the time will a storm be forecast when there is no actual
SLorm,

VALUE OF GEOMAGHETIC STORM FORECASTS

In the absence of a good forecasting system for geomagnetic storms, the oplimal
policy is not to prepare for storms before the advent of a storm, Although the cost of
a severe storm is very high, the prior probability of such a storm is low and the cost of
preparation is signilicant. When the optimal ne-preparation policy iz fallowed, the
expected hourly cost from storms is simply the hourly prior probabili (571 % 10-6)
times the potential sterm cost ($4.5 billion), or $25,700,

When there is a forccasting system with the error probabilitics assumed earlier; the
optimal policy is to prepare for a storm if and only if a storm is forecast. The expected
cost ealeulations in thiz case involve the pmlmbiﬂ ties that a storm will or will not be
[erecast, the probabilities that a storm will or will not oocur given thart it is forecast,
and the probabilitics that a storm will or will nat eccur given that it is not forecast.
These probabilities may be calculated from the assumed prior prabability of storms
and [orecast ervor probabilities using Bayes Theorem.? Using these pmba';llilins_ the
expected hourly cost when there is a forecasting system is r..*:gjﬂu.

The value of a forecasting system may now be calculated as the difference between
the expected cost without and with the system. This difference is 317.200/hour, or
about $450 million over three years. Obviously, this is well above the £100 million
cost of the system.?

F Devails of these enleulations are available from the authors on request.
' Thiis is thie £75 million hardwane cost of the sateliite including launch, pluz an estimated 525 millisn for
opevating the [diocast svalens over thres yexes,



Foesipelies /00

WALLIE OF FORECAST SEMHSTIVITIES

The key parametirs thal dreive thig estimate of (orecast value are the damape cost of
the stonm® and the prior probahility of o damaging storm. To explore the sensitivity
of the resulis o these bwo parameters, both parsmeters ore reduced from theic base
levels in steps o produce a 7 x5 9 grid of parameter values for which the annual
benefits of a storm forccast arc ealculated. Thezse annual Benefits are then summed
over three years and reduced by the 2100 million cost of the saellice WINIing system
{Fa ul:rl:l.in l|1|'1:e-}'r_-:u‘ et benciits.

The prior probability of a damaging storm is the expected storm frequency times
the 0.5 probability of instantancous damape. For ense of imerprewmtion, the 0.5
probability of instantancous damape is fixed and the storm Mrequency expressed in
terms of expected years between storms is varied.

The seasitivity resulis in Figure | indicate that the three-vear net benelits of the
proposed satellite vremain positive even if the damape cost is as low as 32 billion.
Alternatively, net benefits remain positive if the storm frequency is as lowas 1 in 225
yvears. Intermediate results can also be read from the chort; for example, net benefits
remain positive even if damage cost is as low as §3 billion (the low end of the Bames
and Van Dyke estimate) and storm [requency is as low ns Lin |5 yeors.

COMCLUSIHON

The net bencfits of a2 satellite warning system for geomagnetic storms are sirongly
positive and remain positive over a sizable range of less vorable values of 1he two

Figure 1. Sensitivity of bonelits to less avorable values of key parameters

! Damage cost and residual damages alter prepamtions asre functionally similar pammetees—eedecing

the damapa cowt by 21 hins the same elfece on forecast value as inereasing the resiadual damage Ly 51






